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INTRODUCfION 
Elastic nonlinearity is responsible for the deviation of a material's stress-strain 
response from the linear relationship represented by Hooke's law. This law can be 
written in its most general form as 
(I) 
where (Jij and lOki are the stress and strain tensors respectively, and Cijkl is the tensor 
of the second order elastic constants. The nonlinear elastic behavior can be 
determined from measurements of the stress dependence of ultrasonic velocities as 
well as the distortion of ultrasonic waves by the generation of higher harmonics. 
Consequently, these effects can be used to nondestructively characterize a material's 
elastic nonlinearity. 
Metal-matrix composites (MMC) are a class of multi-phase materials consisting of 
a metallic matrix and a ceramic or a metallic material as a reinforcement. The 
reinforcement is usually available as short fibers, particles or whiskers with volume 
percentages up to 40%. The properties of the composites are influenced by those of 
the matrix and the reinforcement materials as well as by the quality of the interfacial 
bonding between the two phases. Due to the different thermal expansion coefficients 
of matrix and reinforcement, internal stresses are developed at the interface between 
the metal-matrix and the ceramic phase during processing of the composite or during 
thermal cycling. 
Recently we reported measurements on the acoustic nonlinearity parameter in two 
metal-matrix composites of aluminum and SiC particles, where it was observed that 
the parameter dec Teased with increasing volume fraction of reinforcement III. In this 
paper, we present results on the effect of temperature on the second- and third-order 
elastic constants at the three temperatures 0, 25 and 55°C in an aluminum metal-matrix 
composite. The results indicate that the strongest influence of temperature is on the 
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Murnaghan constant I which decreases linearly as the temperature is increased. This 
behavior is opposite to what is usually observed in the second-order elastic constants 
of single phase materials which decrease as the temperature is increased. This 
behavior is interpreted as due to interfacial thermal stresses formed during 
solidification as a result of the large difference in thermal expansions of matrix and 
reinforcement. 
THEORY 
For an isotropic solid, the two Lame constants ~ and A represent the elastic 
characteristics of the solid and are related to ultrasonic wave propagations as 
(2) 
and 
(3) 
where YI and Ys are the longitudinal and shear wave velocities respectively, and P is 
the density. The Poisson's ratio v is related to the Lame constants ~ and A as 
v=----
2 (A + ~) 
(4) 
Based on Murnaghan's theory of finite deformations, Hughes and Kelly 121 
developed relationships which describe the effect of elastic strain on ultrasonic 
propagation velocities in isotropic solids. For a strain applied in the I-direction and 
ultrasonic waves propagating in the 2-direction perpendicular to the I-direction, these 
relationships are 
Po y222 = A + 211 + [21 (l - 2v) - 4v (m + A + 21lJ £1 (S) 
Po y221 = ~ + I(A + 2~ + m) (1 - 2v) + O.Snvl £1 (6) 
Po y223 = 11 + I(A + m) (I - 2v) - 6vll- O.Snl £1 (7) 
where Y 22 is the longitudinal wave velocity along the 2-direction and Y 21 and V 23 are 
the two shear wave velocities along the same direction and linearly polarized parallel to 
the 1- and 3-directions respectively. Also in eqs. (S-7), I, m, and n are the 
Murnaghan third-order elastic constants, £1 is the strain in the I-direction, and Po is 
the density before deformation. 
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EXPERIMENTAL 
The specimens used in the present measurements are metal-matrix composites with 
a matrix of the heat-treatable aluminum alloy AI-7064. The aluminum matrix is 
reinforced with silicon carbide particles up to 20 volume percent of particle size 
ranging between 1 and 5 11m. The composites were received as extruded rods of I 
inch in diameter. During manufacturing, the particles are aligned along the extrusion 
direction, while in the plane perpendicular to the extrusion direction the particles are 
randomly distributed. Two sides of each specimen were milled flat and parallel to a 
square shaped cross section suited for acoustoelastic measurements. 
The absolute ultrasonic velocities as well as their changes with applied stress were 
measured using the pulse-echo overlap system which is described in detail 
elsewhere[3l. For the measurements of third-order elastic constants, compressive 
stresses were applied to the specimen along the extrusion direction and were varied 
systematically within the elastic regime. The time of flight data were acquired by a 
computer, and the ultrasonic velocities were calculated as a function of the applied 
stress. Corrections were made for the change in the lateral dimension of the strained 
specimen due to the Poisson's expansion. The measurements of the three wave 
modes of eqs. (5-7) were used to calculate the third-order elastic constants. 
RESULTS AND DISCUSSION 
The results of the Lame constants A and f.l at the three examined temperatures are 
shown in Table I. Also included in this table are the values of the Poisson's ratio v 
calculated using eg. (4). From these results one can see that at all temperatures 
examined, the shear modulus f.l increases considerably by adding the SiC second-
phase reinforcement. This constant, however, slightly decreases as the temperature is 
increased which is similar to that generally observed in single phase materials. The 
constant A slightly decreases with reinforcement and temperature. The Poisson's ratio 
decreases with reinforcement, but remains unchanged with temperature. 
The third-order elastic constants of the composites were determined by applying an 
external load along the extrusion direction of the specimen, and propagating the 
ultrasonic waves in the transverse direction. In these experiments, the load was varied 
in the range of 0 to 2000 kg. With the given cross-sectional area of the specimens 
used, this load corresponds to a stress of about 80 MPa which is below the yield 
stresses for these composites. The third-order elastic constants are calculated using 
eqs. (5-7) along with the values of second-order elastic constants listed in Table I. 
The values of the third-order elastic constants for the composites investigated at the 
temperatures 0, 25 and 55°C are listed in Table 2. For the third-order elastic constants 
it is interesting to observe that the behavior of these constants as a function of 
reinforcement at O°C is opposite to that at 55°C, with the room temperature behavior 
more similar to that at 55°C than that at O°C. At O°C, the magnitudes of the constants 
increase with reinforcement, while they generally decrease at 55°C. The largest 
changes are observed in the constant 1 at 55°C, while the constants m and n change by 
smaller amounts. The temperature dependance of the third-order elastic constants I, m 
and n for the AI-7064 composites are graphically displayed in Figs.1-3 respectively. 
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Table 1. Second order elastic constants of the aluminum metal-matrix composites. 
Elastic constants (GPa) Poisson's Ratio 
Material A ~ V 
O"C 
Al 7064 59.5 27.7 0.34 
15% SiC 57.1 35.2 0.31 
20% SiC 57.6 38.6 0.30 
25°C 
Al 7064 59.3 27.4 0.34 
15% SiC 57.0 34.7 0.31 
20% SiC 57.6 38.1 0.30 
55°C 
Al 7064 59.1 26.9 0.34 
15% SiC 56.9 34.1 0.31 
20% SiC 57.5 37.5 0.30 
Table 2. Third order elastic constants of the metal-matrix composite as measured 
in compression. 
TOEC [GPaj 
Material m n 
O"C 
Al 7064 -191 -366 -408 
15% SiC -324 -414 -447 
20% SiC -315 -435 -465 
25°C 
Al 7064 -324 -397 -403 
15% SiC -214 -397 -454 
20% SiC -214 -397 -461 
55°C 
Al 7064 -478 -421 -427 
15% SiC -74 -335 -417 
20% SiC -56 -347 -429 
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From these results it can be seen that the temperature behavior of the third-order 
elastic constants I, m, and n in the composites is markedly different from that in the 
matrix alloy. This difference can be attributed to the presence of the second phase 
reinforcement as well as the bonding stresses at the interface between the two phases 
[4]. Since the contribution of the SiC phase is not likely to be large [5], it is 
reasonable to assume that the difference in the temperature behavior of the third-order 
elastic constants shown in Figs. 1-3 is mainly due to the thermal stresses at the 
interface. 
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Fig.l. The temperature dependence of the Murnaghan third-order elastic constant 1 in 
7064 aluminum-SiC metal-matrix composites. 
Due to the mismatch in the thermal expansion coefficients between the SiC particles 
and the aluminum matrix, tensile stresses are induced in the matrix during 
solidification and a change in the temperature will influence the thermal stress state in 
the composite. Lowering the temperature induces additional tensile stresses in the 
matrix and results in a higher distortion of the matrix and accordingly an increase in 
the magnitudes of the third-order elastic constants. Elevating the temperature reduces 
the residual stresses in the matrix where the distortion of the matrix is reduced and the 
third-order constants decrease. This indicates that measurements of the temperature 
dependence of third-order elastic constants can be used to qualitatively evaluate 
interfacial stresses in metal-matrix composites. 
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Fig.2. The temperature dependence of the Murnaghan third-order elastic constant m 
in 7064 aluminum-SiC metal-matrix composites. 
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Fig. 3. The temperature dependence of the Murnaghan third-order elastic constant n in 
7064 aluminum-SiC metal-matrix composites. 
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